Background: The underrepresentation of women in academic medicine at senior level and in leadership positions is well documented. In the United Kingdom, the National Institute for Health Research (NIHR) announced that eligibility for funding for Biomedical Research Centres (BRCs) required at least Silver award status of the Athena SWAN Charter. However, the evidence base for monitoring gender equity (GE) in BRCs is underdeveloped.
Underutilisation of female talent and potential in academic medicine, particularly at senior levels and leadership roles, as well as the health workforce more broadly is well documented [1] [2] [3] [4] . This has been referred to as a "leaky talent pipeline" [5] .
In 2011 the challenge to address gender equity (GE) in medical schools was linked directly to funding eligibility for Biomedical Research Centres (BRCs) in England.
The UK Department of Health's Chief Medical Officer announced that the National
Institute for Health Research (NIHR) would not expect to shortlist any National Health Service (NHS) /University partnership for NIHR BRC designation and funding:
"where the academic partner (generally the Medical School/Faculty of Medicine) has not achieved at least a Silver Award of the Athena SWAN Charter for Women in Science" [6] .
A t h e n a S W A N C h a r t e r
The Athena SWAN charter advances women's careers in higher education and research in terms of representation, progression of students into academia, journey through career milestones and working environment [7] . The higher education institutions (HEIs) can be awarded Bronze, Silver or Gold Athena SWAN award, based on their action plans, achievements and impact in advancing gender equity [7] . Athena SWAN awards are useful markers of GE achievement in higher education but they were not specifically designed for translational research organisations (TROs) such as NIHR BRCs, which are partnerships between UK's leading NHS organisations and universities [8] . Furthermore the majority of GE research has focussed on perceptions of the Athena SWAN Charter in higher education settings [9] [10] [11] [12] [13] . A recent major evaluation of the Athena SWAN Charter did not examine Athena SWAN in the context of NIHR BRCs [9] . New measures to accelerate women's advancement and leadership specific to NIHR BRCs have also been recommended [14] . This study aims to identify new markers of achievement for assessing and monitoring GE in NIHR BRCs.
In this study, we adopt the UNESCO definition of gender equity, which refers to:
"fairness of treatment for women and men, according to their respective needs. This may include equal treatment or treatment that is different but which is considered equivalent in terms of rights, benefits, obligations and opportunities" [15] .
S t u d y d e s i g n , p a r t i c i p a n t s a n d s e t t i n g
The study design utilised a cross sectional study using an online questionnaire via SurveyMonkey® [16] . The participants included all researchers and staff affiliated with the NIHR Oxford BRC. The total sample (N=683) comprised all NHS consultants and university clinical academics (i.e., NIHR investigators and NIHR senior investigators); administrative and support staff (i.e., NIHR associates); academic and clinical trainees (i.e., NIHR academy members); patient and public involvement representatives, industry managers and leaders (including the most senior executive and non-executive committees in the NIHR Oxford BRC) funded/supported by the NIHR Oxford BRC (herewith referred to as BRC affiliates). These affiliates were selected because of their involvement in translational research, administration, support and leadership of the BRC. Names and contact details of all affiliates were extracted from the BRC's internal databases. To ensure accuracy, all BRC theme managers were also contacted and asked to provide up to date email addresses of affiliates within their respective themes.
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The second part of the questionnaire asked for participants' demographic characteristics i.e., age, gender; current role in the NIHR Oxford BRC and how long they had been affiliated to the BRC. Taking into account the diverse identities of women and men and based on the University of Oxford staff survey categories we did not use a binary sex indicator for gender but expanded it based on guidance from the University of Oxford's equality and diversity team to offer the option to selfdescribe or not report.
The questionnaire was piloted in two phases. In the first phase, it was piloted in faceto-face interviews with potential participants (n=10) to ensure it was easily understood and met the purpose of what it was intended to measure. In the second phase, it was tested via email to a small sample (n=16) from the population of interest to assess readability and clarity of the items in terms of consistency and . We determined the interrelationships between the markers and underlying latent dimensions (factors) by exploratory factor analysis (EFA) [17] . The EFA was run to . CC-BY-NC-ND 4.0 International license It is made available under a author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
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is the (which was not peer-reviewed) The copyright holder for this preprint . https://doi.org/10.1101/2020.02.04.20020347 doi: medRxiv preprint extracting the latent factors (dimensions) covered in the measured 13 markers of GE. For the EFA, we used Principal Component Analysis (PCA) as a factorextraction method, the Varimax with Kaiser Normalization as a rotation method and the Kaiser's Eigen values > 1 (EVG1) criterion and breaks in the scree plot for determining the number of latent factors [18] . We applied minimum communalities ≥ 0.50, with no cross loadings ≥ 0.45 on more than one latent factor [18] and the minimum acceptable factor loading as 0.50 on only one factor [17] . Our sample size was 243 and the participant-to-variable ratio was 18:1, which was higher than the minimum acceptable participant-to-variable ratio of 10:1 [17] .
Subsequent to the EFA, we ran the confirmatory factor analysis (CFA) [19] . The internal consistency of latent dimensions identified in the EFA was checked by running scale reliabilities using the Cronbach's alpha coefficient [20] . The measurement model identified in CFA was checked for convergent and discriminant validity by calculating the Average Variance Extracted (AVE) as suggested [17, 21] .
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When scores for all participants were combined, then the majority (58%, n=141) of participants scored BRC senior leadership roles as a very important marker of GE followed by organisational policies on GE ranked as the second highest very important marker by 57.2% (n=139) of participants (Fig 1) . Whereas the collaboration with industry and Intellectual property emerged as the last and second last very important markers of GE in BRCs reported by 35.4% (n=86) and 35.8% (n=87) of participants respectively (Fig 1) .
Fig 1. Importance of markers of gender equity in BRCs by all respondents.
There were statistically significant differences in the mean rankings by male and female participants for eight markers. These markers were BRC senior leadership roles (U=5492 p=0.040), BRC staff category (U=5471, p=0.040), recruitment and . CC-BY-NC-ND 4.0 International license It is made available under a author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
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retention, (U=5211, p= 0.008), BRC funding (U=5335, p=0.023), external grant funding, (U=5444, p=0.042), collaboration with industry (U=5434, p=0.041), organisational policies on gender equity (U=5462, p 0.034), and organisational targets (U=5375, p=0.026 (Table 2) .
Overall, all 13 markers of GE were ranked as the most important marker by a higher proportion of female participants compared with the male participants (Fig 2) .
Fig 2. Markers of gender equity marked as very important by gender
We created a priority ranking order from 1 to 13 of all markers of GE based on the highest (Rank 1) and the lowest (Rank 13) percentage of participants ranking each marker as very important (Table 3) .
is the (which was not peer-reviewed) The copyright holder for this preprint . R a n k % R a n k % R a n k % R a n k % R a n k % R a n k % R a n k % R a n k % R a n k % R a n k % R a n k % R a n k % R a n k % Analysis of ranking by gender of participants showed that the top two markers of GE from the male participants' perspective were "leadership development" and "BRC senior leadership roles", which were ranked as very important by 53.7% and 52.4% of male participants. Conversely, "organisational policies on gender equity" and "recruitment and retention" were the top two most important markers of GE ranked by 66.3% and 65.4% of female participants (Table 3) .
Results showed that the top most important marker of GE in BRC was different for different categories of participants' roles in the BRC. "Leadership development" was the most important marker for 65.7% of investigators, "recruitment and retention" for 68.9% of associates and "organisational policies on gender equity" for 53.8% of admin, technical and professional staff ( Table 3 Table 3) .
Analysis of rankings by the duration of affiliation to the BRC identified that "BRC senior leadership roles" was the most important marker of GE for 67.6% of participants who had worked for 7 years or more while "organisational policies on gender equity" was the most important marker of GE for 57.9% and 60.3% of participants who had been affiliated to the BRC for up to 2 years and 3-7 years, respectively (Table 3) .
.
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Ranking by the age of participant demonstrated that "Leadership development" was the top most important marker of GE for participants aged 40 years and more while the "Organisational policies on gender equity" was the most important marker for 75% of the youngest participants (aged 18-30 years) and "recruitment and retention" for 72.5% of participants who were 30-40 years old (Table 3) . However, Kruskal-Wallis H tests showed that there were no statistically significant differences in the mean rankings of all markers between different categories of participants' age and duration of affiliation to the BRC. 
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communalities, total variance explained and Rotated Factor Matrix. Based on the content of loaded measured items on latent factor 1 and factor 2, we identified these markers as the organisational and individual markers respectively (Table 4) . To check the two latent factor solution observed in the EFA (Table 4) , we ran CFA (henceforth mentioned as the initial CFA model) as shown in Fig 3A. . (which was not peer-reviewed) The copyright holder for this preprint . A model summary of goodness of fit (GoF) indices for the initial CFA model is presented in (Table 5 ). The GOF indices suggested that the initial CFA model did not fit with the data. Consequently we applied some of the modifications indices suggested in the results. This led to addition of a few correlations between error estimates of some measured items as shown in Fig 3B ( henceforth mentioned as the post-hoc CFA model).
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The GOF indices of the post-hoc model (Table 5) showed a good fit of the post-hoc model with the data. We therefore accepted the post-hoc CFA model as the final CFA model. The estimates of standardized regression weights (β) of measured items on to the latent factors along with their significance level (p) observed in both the initial and the post-hoc CFA models ( Table 6 ), demonstrate that all measured markers had statistically significant higher loadings on organisational makers factor (β ≥ 0.68, p<0.001) and individual markers factor (β ≥ 0.85, p<0.001) ( Table 6 , Figs 3A and 3B).
We checked the internal consistency and convergence of both latent factors by the composite reliability and average variance extracted (AVE) respectively. Six measured items (markers) that loaded on to the organisational markers factor explained 64 and 63 AVE in the initial and the post-hoc CFA models respectively whereas four items that loaded on to the individual markers factor explained 76 and 78 AVE in the initial and post-hoc CFA models respectively. The observed AVE for . CC-BY-NC-ND 4.0 International license It is made available under a author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
is the (which was not peer-reviewed) The copyright holder for this preprint . https://doi.org/10.1101/2020.02.04.20020347 doi: medRxiv preprint both factors was higher than the minimum 0.5 that is suggested for adequate convergence [17, 18] . We calculated the composite reliability for the organisational markers factor as 0.91 for both the initial and the post-hoc CFA models and the composite reliability for the personal markers factor as 0.93 and 0.94 in the initial and post-hoc CFA models respectively. The composite reliabilities for both latent factors were higher than the minimum required composite reliability of 0.7, which indicated that both latent factors have a high internal consistency suggesting that the loaded measured markers (items) consistently represented the respective identified latent factor [17, 18] . The CFA models showed that both latent factors i.e., the organisational markers and the individual markers have a strong correlation i.e., 0.76 and 0.75 in the initial and post-. CC-BY-NC-ND 4.0 International license It is made available under a author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
hoc CFA models respectively. The EFA and CFA results identified and confirmed two significant dimensions i.e., organisational and individual markers of GE in BRCs. However the complexity of benchmarking gender was raised, additional factors such as part time working, differing gender identities and relative numbers of women working full time were important.
"I think analysis by role is important -you can see that particular roles are heavily filled by one gender. Why this is occurring needs to be understood and addressed." (R50, Male)
. Respondents raised the importance of specific policies at an institutional level to support GE. Some respondents stated that ensuring gender diversity in senior leadership roles would positively impact on the rest of the organisation. Others described how GE equity policies should be in place for all genders in the organisation. Inequity in pay was also raised by participants as an important marker of GE.
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The response rate (36%) in our study is consistent with online questionnaire survey response rates which are typically lower than mail based questionnaires [24] and when participants include clinical professionals [25] . Our results show that the majority of respondents were female suggesting that women were slightly more likely to respond. Research has shown that the relevance of the study topic may impact response rates and so this may have been a factor too [26] . The results also show that women and men rank the importance of the markers of GE differently and a greater proportion of women ranked all markers as the most important compared to the proportion of male participants. However a relatively high proportion of respondents were male (40) this is key as research has indicated men's support and perspective is also an important driver of GE in institutions [27] .
When scores for all participants were combined, BRC senior leadership roles ranked as the most important marker of GE followed by organisational policies on gender equity (Fig 4) This may reflect findings from a recent evaluation of the Athena SWAN programme which highlighted significant challenges remain in addressing gender balance in the most senior positions in higher education (e.g. professorial, senior management) [9] . It also supports the finding that leadership is a key driver for sustainable organisational change in terms of GE [12] . [29] . This is typically facilitated at an organisational level by Athena . CC-BY-NC-ND 4.0 International license It is made available under a author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
Swan but the results suggest more BRC focussed targets may be beneficial at a local level. Linking the direct impact of the introduction of Athena SWAN to the acceleration of GE in an institution is challenging due to the complexity of issues [12] .
A n a l y s i s o f r a n k i n g b y g e n d e r o f p a r t i c i p a n t s
Analysis of ranking by gender of participants showed that the top two markers of GE from the male participants' perspective were "leadership development" and "BRC senior leadership roles", which were ranked as very important by male participants.
Conversely "organisational policies on gender equity" and "recruitment and retention"
were the top two most important markers of GE ranked by 66.3 and 65.4 of female participants (Table 3) . The dimension of organisational markers of GE identified in our study comprised six markers of GE (Tables 4 and 6 , Fig 4) . The scrutiny of the wording and content of these six markers by authors showed these six markers could be sub-divided into three sub-dimensions; leadership markers, BRC staff markers and organisational policies and targets markers (Fig 4) .
is the (which was not peer-reviewed The leadership sub-dimension comprised two markers i.e., leadership development and senior leadership roles. The BRC staff sub-dimension included two markers i.e., staff category and staff recruitment and retention. While the third sub-dimension of organisational policies and targets encompassed two markers: organisational policies on gender equity and organisational targets (Fig 4) .
The high ranking of leadership for GE in this study suggests further local organisational policies may be appropriate. As highlighted elsewhere local drivers are important to support existing GE initiatives for example a recent evaluation of Athena SWAN did not indicate a statistical relationship between the Charter and increase in the proportion of female staff over time [10] . The open ended questions also supported the findings that leadership and institutional support are important
Our study provides new potential GE markers within the specific setting of NIHR BRCs. The population is intentionally broader than previous GE research which has predominantly focussed on clinical academic settings [30] [31] [32] or Athena SWAN research project populations which focus on university and academic staff [10, 11] . In contrast this study population is intentionally broader including both NHS staff and clinical and non-clinical university staff at all levels.
The second dimension i.e., individual markers of gender equity identified included four markers of GE (Tables 4 and 6 , Fig 4) . The review of the wording and content of these four markers by authors suggested these four markers could be sub-divided into four sub-dimensions, which include research funding, publications, intellectual . CC-BY-NC-ND 4.0 International license It is made available under a author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
property and industry collaboration and each of these sub-dimensions included only one GE marker i.e., marker 6, 8, 9 and 10 respectively (Tables 4 and 6 ). These findings concur with a recent analysis of lessons learned from the Athena SWAN demonstrates the importance of baseline data for the purposes of benchmarking, and importance of leadership to enable systemic change [12] . At the NIHR Oxford BRC, benchmarking of gender and BRC publications and staff is in place. However, TRO funders may consider encouraging gender benchmarking or making it mandatory. For example, currently the only mandatory request for gender data within BRCs is NIHR academy members.
To our knowledge this is the first study to explore views on new markers of achievement for women in academic science specifically in an NIHR BRC. Previous research in this field has focussed predominantly on clinical academic settings and Athena Swan evaluations [11, 12, 32] . This study has a broader remit to develop new ways of monitoring gender equity. This study extends understanding of GE as set out in our research protocol to understand "new ways of assessing and monitoring gender equity in translational research organisations" [14] .
Our two factor model of gender equity markers (Fig 4) extends the Multidimensional conceptual framework for gender equity assessment and monitoring [15] to address the gap in GE in TROs as it illustrates the prioritisation of markers of gender equity based on BRC affiliates perspectives in an NIHR BRC. It also examines both women's and men's perceptions to enable gender comparative research and the response of men was relatively high (40%). It is important to include men in such surveys if changes at an organisational level are to be sustainable and relevant to all and to ask the same questions to enable gender comparative research [26] . Given . CC-BY-NC-ND 4.0 International license It is made available under a author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
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It is important to acknowledge measuring GE equity is complex given the differing identities of women and men. Furthermore gender has been defined as culturally defined social constructs associated with being female or male [36] . Due to the relative low numbers we removed the category "self-identify" from the final analysis.
Future research should explicitly take this diversity into account when planning online surveys. It is also important to avoid gender stereotypes and biases [37] .
This questionnaire survey provides important insights into views and measures on Gender equity however GE is complex and there are a number of factors such culture, leadership, bias and transformational change which take significant time and are difficult to measure and may influence the generalisability of the findings (12, 13, 32) .
Evidence suggests that culture in academic medicine may impact on career progression for women [32, 38] . Whilst this study did not examine culture specifically such issues were raised in the open ended comments of the questionnaire. As other research has highlighted there are external factors which need to be reviewed to enact long term structural change such as "cultural change" and the role of men in work life balance [11] . Benchmarking data is also important however there are external cultural and societal norms and biases that need to be taken into account and were out with the scope of this survey. Such issues were again raised in the open ended comments of the questionnaire. The open ended comments identified three key areas of action which are beneficial to the development of future work in . CC-BY-NC-ND 4.0 International license It is made available under a author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
this field and are in alignment with Athena SWAN which proposes specific action plans are developed and monitored [7] . Given the topic of GE and self-selection of participants to respond they may reflect strong views on GE not be generalizable to other settings. However they do offer the opportunity to provide more detailed responses to the closed question responses [29] . This survey includes men's perspectives in addition to women's perspectives on GE, which is important because for change to be sustainable men's input and perspective is important. This survey contributes to the evidence base on gender equity in a translational research organisation. High quality data is essential for measuring institutional change in addition to baseline data for benchmarking purposes [12] . Research has highlighted GE in the workforce is an important indicator for internationally competitive organisations. Implementation and sustainability of gender equity however requires strong commitment at senior leadership and organisational policy level. We advocate for enhanced collaborations across NIHR biomedical research centres (currently n=20) in the field of GE to provide larger data sets which can inform broader understanding of progress but also barriers to acceleration in the GE domain.
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